INTRODUCTION
Science content knowledge and skills play an important role in an individual's ability to function independently and within society. Science instruction can contribute to an individual's ability to live independently or with reduced supports. It also provides access to a wider range of opportunities to participate in society including access to competitive employment in science-related fields. STEM careers are predicted to expand by 17% from 2008 to 2018 in comparison to non-STEM related careers, which are likely to increase by 9.8% and require a minimum education level of a bachelor's degree (Vilorio, 2014) .
Science Instruction for Students with Disabilities
Science education has historically focused on students acquiring factual information presented from a textbook by the general education teacher (Anderson, 2002; Pine, Aschbacher, Roth, Jones, McPhee, Martin, & Foley, 2006; Scruggs, Mastropieri, Bakken, & Brigham, 1993; Scruggs & Mastropieri, 2007) . Traditional text-book driven science instruction has not been the best means for students with disabilities to learn science content. From a science education prospective, inquiry-based science instruction has emerged as the primary instructional method to be used in the general education setting (Maroney, Finson, Beaver, & Jensen, 2003; Scruggs et al., 1993; Scruggs & Mastropieri, 2007) .
Inquiry-based science became synonymous with terms such as discovery learning, hands-on learning, activity-based instruction, and project-based instruction. However, a clear, standardized definition of inquirybased instruction does not exist in the literature. Inquiry should be considered a set of interrelated processes by which scientists and students pose questions about the natural world and investigate phenomena (National Resource Council [NRC], 2006) . Students acquire content knowledge and develop a rich understanding of relevant concepts, principles, models, and theories (Courtade, Browder, Spooner, & DiBiase, 2010; NRC, 2006) . Components of inquiry-based instruction as outlined by the Next Generation Science Standards (NGSS) include an emphasis on data, requirement of evidence to claims, and/or opportunities for argumentation and analysis (NGSS Lead States, 2013) . Based on Scruggs and Mastropieri's (2007) definition and the NGSS components, inquiry-based instruction can operationally be observed as studentconducted experiments with the use of an inquiry-based instructional framework. This framework may take form as an approach to the scientific method, problem solving procedure, or by five phases that allow students to engage, explore, explain, apply, and evaluate for science understanding (Bybee, 1989) . While researchers have attempted to precisely conceptualize the differences between inquiry-based instruction and terminology used interchangeable for it, Martin-Hansen (2002) has provided a continuum within the practices of inquiry-based instruction (see Figure 1 ).
Given the diverse needs of learners in the general education science classroom, the NRC (2006) revised its definition of inquirybased instruction to include the minimal supports necessary to guide inquiry thus supporting the continuum of inquiry-based instruction. Based on this information, the Martin-Hansen (2002) has outlined four distinct forms of inquiry-based instruction including: open inquiry, guided inquiry, coupled inquiry, and structured inquiry (Martin-Hansen, 2002) . Open inquiry is also referred to as full inquiry and most closely resembles actual scientific practice (Martin-Hansen, 2002) . It is as a student-centered approach where as the student directs the question, experiment, and communication of results. Guided inquiry is more of a balanced approach of teacher and student direction through the investigative cycle with the teacher more directly addressing the development of inquiry skills. Coupled inquiry is the combination of guided and open inquiry through the cycle of: inquiry, guided inquiry, open inquiry, resolution, and assessment (Martin-Hansen, 2002) . Lastly, structured inquiry is often referred to as directed inquiry and is often perceived as less engaging/student oriented and thus less effective (Martin-Hansen, 2002) .
Across the span of instructional practices of inquiry, there are distinct theoretical and practical application differences. With the exception of structured inquiry, each of the other forms prioritize the conceptual change model of learning (Duit & Treagust, 2003) in which guidance and support can be provided after the student has been given time to explore a new concept or skill. The use of explicit instruction is not viewed as supporting true inquiry or cognitive engagement. In contrast, structured inquiry provides supports, including components of explicit instruction, often from the start of instruction and faded overtime based on the ideas of behavioral momentum and practice of most-to-least prompting (Browder, Wood, Thompson, & Ribuffo, 2014; Lee, Belfiore, Scheeler, Hua, & Smith, 2004) . The concern for using structured inquiry seems to be centered around confusion over what constitutes active student engagement. Regardless of theoretical discrepancies, it is important to reflect upon two key points found consistently within the literature base. Previous research has suggested that inquiry-based instruction is mixed in its effectiveness. Open inquiry based instruction is not recommended for students with disabilities (Samsonov, Pederson, & Hill, 2006) however structured inquiry has shown to be an effective teaching method for teaching science to students with learning disabilities (Therrien et al., 2011) , emotional/behavioral disorders (Therrien et al., 2014) and students with autism and intellectual/developmental disabilities (Taylor et al., in preparation) .
Purpose of the Current Study
Because inquiry-based instruction is becoming the dominant instructional approach to science instruction, it is logical to further investigate and determine how inquiry-based instruction impacts science achievement particularly for students with disabilities.
The purpose of this review is to evaluate the literature base on the use of inquirybased science instruction for students identified as having a disability. To that end, the researcher attempted to answer the following question and sub-questions: 
METHODS

Literature Search
For this review, studies were located in a three-step process. First, electronic databases were accessed through the Penn State University library system; the databases searched included: PsychINFO, Proquest, and Education Resources Information Center (ERIC). The search was limited to peer-reviewed, scholarly journals with variations of the terms science, inquiry, and disability. More specifically, the search included inquiry (OR inquirybased OR inquiry-based instruction) AND (science OR science instruction OR science strategies OR science achievement) AND forms of the term disability. The terms were narrowed to include: inquiry, "science achievement", and disability for the purpose of locating studies specific to the main question of this review. Next, an ancestral search was conducted based on the articles found across the three databases that met inclusionary criteria. The ancestral search reviewed both the articles which had cited the identified sources as well as the reference lists included by the identified sources for this review. Third, a journal writer was contacted in order to locate unpublished studies, which led to a hand search on a special issue of Learning Disabilities Research & Practice (2011) .
Inclusion Criteria
Included studies met four criteria. First, participants in the study must include individuals diagnosed with a disability in accordance with IDEA, enrolled in a public, private, or other school setting (K-12). Second, the articles had to be a peer-reviewed, empirical study using an experimental or quasi-experimental design. Third, the article had to include a stated form of inquiry-based instruction as the independent measure. Terms associated with inquiry were permitted including: inquiry-based, guided inquiry, supported inquiry, discovery, hands-on, project-based, and activity-based. Fourth, the article had to measure science achievement as a dependent outcome.
A total of 10 articles met the inclusionary criteria for this review following a search of the electronic databases. An ancestral search of the references produced one additional study; an ancestral search showing where the original articles had been cited also provided one study for this review. Information obtained via hand searches provided related information, but no articles from either resource was included here due to the specified criteria of this review. Spanning across eight journals, twelve articles by different authors were identified as meeting the criteria for inclusion in this review of the literature.
Analyses of Studies
The researchers conducted a number of analyses during the review of the literature. Descriptive analyses were conducted on the studies in the areas of participant and disability type, grade categories and settings, variations of inquiry-based instruction, achievement and assessment, and teacher training and professional development. Component analyses were also conducted on components of inquirybased instruction (Bybee, 1989; Magnusson & Palincsar, 1995) and professional development standards (National Research Council [NRC], 1996) . Effect size was calculated for each study.
Effect Size Calculations
Effect sizes for group design studies, was calculated using Hedges's g. Hedge's g was used to account for the overestimation that occurs when calculating ES using studies with small sample sizes (Hedges, 1981) . As suggested by Cohen (1988) , effect size interpretations should be large effects of .80 and above, medium effects at .50 to .80, and small effects at .50 and below. For single case design studies, the percentage of nonoverlapping data (PND) and Tau-U was calculated. PND is calculated by determining the highest or lowest (depending on the intervention) data point in the baseline phase and how many points in the intervention phase exceed that point (Scruggs, Mastropieri, & Casto, 1987) . Scruggs et al. (1987) suggest that PND should be considered most effective at 70% or above, mildly effective between 50% and 70%, and no observable effect at 50% or below. Tau-U was also calculated to show the percentage of non-overlap between phases controlling for positive baseline trend (Parker et al., 2011) . According to Parker and Vannest (2009) , effect size interpretations should be large effects of .91-1.0, medium effects of .66-.92, and small effects of 0-.65.
RESULTS
Effectiveness of Inquiry-based Instruction
Descriptive statistics. Across the twelve studies within this review, science achievement was measured using assessments created by experimenters, curriculum-based measures (CBMs), and one high stakes standardized assessment. Additionally, one study piloted the Conservation of Matter Assessment (COMA), (Lynch et al., 2007) . Only Bay et al. (1992) used a performance-based assessment to measure generalization. Eleven studies using guided or supported inquiry-based instruction were reviewed for how science achievement was measured. Seven of these studies measured students' content knowledge; five of these studies measured students' application of concepts. Furthermore, five studies focused specifically on vocabulary. Of these eleven studies, five studies used experimenter developed assessments, three used CBMs, and one used a standardized assessment. Overall, the studies report that students with disabilities made gains in the guided, or supported, inquiry-based conditions.
Overall, Bay et al. (1992) is the only study that examines the sole effects of inquirybased instruction on science achievement for students with disabilities. The results of Bay et al. (1992) do not reflect a higher gain in the discovery condition than the comparison condition using direct instruction on the post-test measure but does report a significant increase on generalization. For these reasons, no studies within this review indicate that science achievement, for students with disabilities, improves using inquiry-based instruction. Evidence from the remaining eleven studies analyzed in this review support the conclusion that components of explicit instruction support students with disabilities in an inquiry-based lesson. In addition, components associated with explicit instruction supported an increase in science achievement specific to word identification and vocabulary acquisition for students with specific learning disabilities, autism spectrum disorder, intellectual disabilities, and multiple disabilities Smith et al., 2013) .
Effect size calculations. Effect sizes were for all studies using PND and Tau-U for single case design studies and Hedge's g for group design studies. PND calculations for four single case design studies were conducted and yielded a range, that according to Scruggs et al. (1987) , fall into the effective instruction range (70.19% -96.13%) (See Table 4 for more detailed information). TA-U calculations yielded a range, that according to Parker and Vannest (2009) and Rispoli et al. (2013) , fall into both the medium-to-high effects of .66-.92 (Smith et al. 2013) and the large or strong effects range of .93-1.0 (Aydveniz et al., 2012; Courtade et al. 2010; Jimenez et al. 2013 ) (See Table 4 for more detailed information). Group design studies resulted in more variability regarding effectiveness. Studies ranged in effect size from .44 to 2.992 (See Table 1 ). Studies ranged from small effect to large effect (Cohen, 1988) . Aydveniz et al. (2012) 86.75% 0.9985 Courtade et al. (2010) 96.13% 0.9908 87.59% 0.931 Smith et al. (2013) 70.19% 0.8693 Group Design Studies Bay et al. (1992) 2.992 (3.901, 2.082) 0.732 (6.410, -4.946) Dalton et al. (1997) 1.432 (3.906, 1.041) Lynch et al. (2007) 0.593 (4.056, -2.870) Mastropieri et al. Scruggs et al. (1993) 0.444 (-0.974, 1.861) Note. PND = percent of non-overlapping data; CI = confidence interval; ND = not determined; a Study did not provide enough information to determine effect
Participants, Disability Types, and Settings
The researchers examined the participant information for each of the twelve studies included in this analysis. Participant information consisted of the number of participants per study, the type of disabilities that participants had in each study, and the settings in which science instruction occurred.
Descriptive statistics. Twelve studies, meeting inclusionary criteria, were included in this literature review with a total of 426 participants with disabilities. Studies were grouped by the following disability categories: specific learning disabilities (Aydveniz Cihak, Graham, & Retinger, 2012; Bay, Staver, Bryan, & Hale, 1992; Dalton, Morocco, Tivnan, & Mead, 1997; Mastropieri, Scruggs, Norland, Berkeley, McDuffie, Tornquist, & Connors, 2006; McCarthy, 2005; McCleery & Tindal, 1999; & Scruggs et al., 1993) ; intellectual disabilities (Browder, Trela, Courtade, Jimenez, Knight, & Flowers, 2012; Courtade, Browder, Spooner, & DiBiase, 2010; Jimenez, Browder, Spooner, & DiBiase, 2012; McCarthy, 2005; & Smith, Spooner, Jimenez, & Browder, 2013) ; emotional/behavioral disabilities (Bay et al., 1992; Mastropieri et al., 2006; & McCarthy, 2005) ; autism spectrum disorder (Aydveniz et al., 2012) ; multiple disabilities (Smith et al., 2013) ; attention deficit hyperactivity disorder (McCarthy, 2005) ; and non-specified (Lynch, Taymans, Watson, Ochsendorf, Pyke, & Szesze, 2007) (See  Table 2 for more detailed information).
Although the majority of studies were conducted in the middle grades, 1st through 12th grades were represented with five studies implemented in elementary schools, seven studies implemented in middle schools, and one study implemented in a high school. Three educational settings were represented in this review including general education classrooms, special education classrooms, and one hospital related setting (See Table 3 ).
Variations of Inquiry-based Instruction
Descriptive statistics and component analyses were conducted examining variations in inquiry-based instruction across studies. Descriptive statistics provided results based on differences via type of inquiry. Component analyses examined the implementation of inquirybased instruction across studies based on the suggestions from Bybee et al. (1989) and Magnusson & Palincsar, (1995 Bay et al. (1992) used open inquirybased instruction as an intervention aimed to promote science achievement for students with emotional/behavioral disorders or specific learning disabilities. Students conducted experiments independent of teacher input. The majority of the studies implemented a guided approach to inquiry-based instruction (Aydveniz et al., 2012; Courtade et al., 2010; Dalton et al., 1997; Lynch et al., 2007; Mastropieri et al., 2006; McCarthy, 2005; & Scruggs et al., 1993) . Aydveniz et al. (2012) and McCarthy (2005) each used components of explicit instruction to review vocabulary prior to the student-conducted experiments. Priming techniques were also implemented (Aydveniz et al., 2012; Courtade et al., 2010; Dalton et al., 1997; Lynch et al., 2007; McCleery et al., 1999; and Scruggs et al., 1993) to enhance student recall of background information; these techniques included questioning related to background knowledge, student experiences, and key vocabulary. Coaching, guided practice, None of the studies reviewed implemented a coupled approach to inquiry-based instruction. The remaining four studies used a structured approach to inquiry-based instruction McCleery & Tindal, 1999; & Smith et al., 2013) . Smith et al. (2013) similar to those implemented in studies using a guided approach. Additionally, Scruggs et al. (1993) used the guided practice component of explicit instruction.
Component Analyses. Each study was evaluated based on the components of inquirybased instruction implemented as suggested by previous researchers. Two studies (Bay et al., 1992; Dalton et al., 1997) implemented components as suggested by Bybee et al. (1989) . Two studies Courtade et al., 2010) implemented components as suggest by Magnusson & Palincsar (1995) . All other studies did not specify the theoretical framework for inquiry-based instruction. In addition, studies were identified in terms of the type of inquiry-based instruction implemented according to the guidelines of open, guided, coupled, and structured (Martin-Hansen, 2002) .
Teacher Training/Professional Development
Descriptive statistics. Of the twelve studies from this review, licensed practitioners with teaching experience ranging from 1.5 to 25 years carried out all interventions. Dalton et al. (1997) and Lynch et al. (2007) had interventions carried out by general education teachers. These teachers had no previous background knowledge or experience in special education. Nine of the studies were carried out by special education teachers (Aydveniz et al., 2012; Courtade et al., 2010; Mastropieri et al., 2006; McCarthy, 2005; Scruggs et al., 1993; and Smith et al., 2013) . (2005) PD-Not provided McCleery & Tindal (1999) PD to teacher assistants for charting Scruggs et al. (1993) PD-Not provided Smith et al. (2013) PD-Not provided Notes. a = science content knowledge, b = pedagogy and science teaching, c = life-long learning, and d = coherent, integrated instruction with the standards, PD = professional development, PD NS = professional development mentioned but not specified.
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teaching science. Based on this information, special education teachers implemented the majority of studies with limited backgrounds in teaching science.
Component analysis of teacher training/ professional development. The NRC (1996) begins by describing six science-teaching standards. Each of the six science teaching standards described by the NRC (1996) is addressed in the studies examined by this review. These standards are followed by standards for professional development in four main areas including: (a) science content knowledge, (b) pedagogy and science teaching, (c) life-long learning, and (d) coherent, integrated instruction with the standards. Each study was evaluated on its use of the components for professional development and/or teacher training in science instruction (See Table 4 ).
DISCUSSION
Science content knowledge and skills influence an individual's quality of life and functioning within a society. An individual's health, safety, and independence can involve knowledge of science concepts (NSTA, 2004) . The skills acquired through science instruction include problem solving, critical thinking, and often collaboration. Science instruction impacts fulfillment of high school graduation requirements and future employment opportunities. Science instruction is critical to the development of a science literate society. The importance of science for both individual and societal needs warrants examination of how science instruction is delivered particularly for individuals who require specialized instruction.
The purpose of this review was to examine the effects of inquiry-based instruction on science achievement for students with disabilities. Twelve articles implementing inquiry-based instruction were examined whose individual results stated support for inquiry-based instruction. In order to examine the effect of inquirybased instruction on science achievement for students with disabilities, studies were differentiated between those, which implemented open, guided, coupled, and structured inquiry-based instruction. Next, science achievement measures were analyzed followed by an examination of teacher training and professional development on inquiry-based instruction. The results of this review conclude that inquiry-based instruction, alone, was not supported by the literature as an effective approach to improve science achievement for students with disabilities. The following section puts this information into context of the literature.
Participants and Settings
Based on the results of this review, inquirybased instruction has been researched primarily with middle school students. Of the total 427 participants across studies, nearly 75% were identified as receiving special education services within the general education science classroom; It is worth noting that approximately half of the total participants from this review are from one particular study and the disability categories, of those participants, are non-specified (Lynch et al., 2007) . A majority of study participants with an identified disability category were found to have a learning disability and received inquiry-based instruction, equally, in the general and special education settings. It can be concluded that inquiry-based instruction has been used in both the general and special education settings, grades 1-12, for students with a range of disabilities; however, it is important to note that the majority of these studies focused on supporting inquiry-based instruction. These supports, whether guided or structured, were provided almost equally in both the general and special education setting. It is also worth noting that the only study using open inquiry-based instruction for students with disabilities was conducted in the special education setting.
Variations of Inquiry-based Instruction
Inquiry-based instruction was implemented independent of supports by Bay et al. (1992) . The remaining studies implemented inquirybased instruction with supports. Instead of providing supports in a reactive manner to student learning, , , McCleery and Tindall (1999) , and Smith et al. (2013) provided components of explicit instruction proactively throughout the learning process. In other words, the experimenters did not wait for students to construct their own meaning of the science concepts independently before providing supports. If considering inquiry-based instruction as a continuum ranging from completely studentdriven to completely teacher-driven instruction, there was one study that would be to the extreme of student-driven instruction (Bay et al., 1992) and only one study completely teacher-driven (McCleery & Tindal, 1999) ; the remaining studies lie somewhere in between moving in one direction or another as support decreased or increased.
Science Achievement
Science achievement was primarily measured on the basis of experimenterdesigned assessments; therefore, it is unclear on how these outcomes will transfer to a standardized, high-stakes measure. Moreover, a significant amount of the testing was conducted outside the typical instructional environment therefore questions arise as to whether similar results would be obtained in the typical instructional/testing setting. Additionally, only four of the studies measured maintenance and/or generalization. The formats of the assessments were flexible offering a wide range of acceptable responses. The types of questions required students to not only select responses but also often construct responses; these scores were obviously more qualitative and open to interpretation. Multiple pre-test/post-test assessments were implemented across the twelve studies; concerns arise due to multiple exposures of the assessments. In light of the variation of the testing instruments, assertions could not be made on any possible patterns, or discrepancies, that may be observed after multiple applications.
Overall, science achievement seemed to improve when guided or structured inquiry was used based on the scope of this review. Furthermore, results of the studies suggest that the greater the intensity of support, the more likely students with disabilities will yield gains in science achievement.
Teacher Training/Professional Development
Though the role of teacher training is significant to instructional practices, a relationship has not been established between teacher training and effects of inquiry-based instruction as evidenced by the majority of the studies in this review. Only four of the studies describe, with detail, the professional development procedures needed for implementation Courtade et al., 2010; Dalton et al., 1997; Lynch et al., 2007) . Surprisingly, of the nine studies implemented by special education teachers (individually or co-teaching) only three had either a background or professional development in the area of inquiry-based instruction (Aydveniz et al., 2012; & Courtade et al., 2010) . Contrarily, of the five studies whose interventions were implemented by a general education teacher (individually or co-taught), none had any background or training in special education.
Limitations of the Present Study
There are also several limitations of this review. First, the purpose of this review was to determine the effects of inquirybased instruction on science achievement for students with disabilities. Only one study included in this review used inquiry-based instruction as an independent practice. The packaging of inquiry-based instruction with other instructional practices makes it difficult to attribute any of the effects to one specific form of instruction to science achievement. A second limitation is that no standard definition of inquiry-based instruction is present in the literature base; therefore, the definition of inquiry-based instruction that pertains to this review may or may not be generally agreed upon. A third limitation of this review is the variance within the independent variables and a lack in standard application of inquiry-based instruction. Finally, the use of PND as a measure of effect size for single case research has been criticized for exaggerating results (Banda & Therrien, 2008) .
CONCLUSION
Inquiry-based instruction has been accepted as the primary approach for teaching science and the driving force in current science education reform initiatives; however, this review questions the research stating that it is an effective practice for students with disabilities due partially to the lack of consistency in how inquiry-based instruction has been defined, applied and interpreted and also to current trends in science achievement. Current TIMSS and PISA results indicate that the United States falls 23rd in rank for science education programs and 29th in highest mean science scores across industrialized nations (Sedghi, Arnett, & Chalabi, 2013) . Using the science achievement results from NAEP, there appears to have been a slight improvement in scores, for eighth grade students, from 2009 to 2011. More specific to students with disabilities, the National Center of Educational Research (NCER, 2013) reports a significant achievement gap in science among students with disabilities and their typically achieving peers.
The National Science Foundation (NSF, 2003) states "students with disabilities are less likely than those without to graduate from high school, to enroll in college, and to graduate from college." The current state of science literacy and demands of the work force necessitate further research addressing science education for all students.
Eleven of the studies within this review examine how to support students with disabilities in an inquiry-based science classroom. In doing so, the research fails to objectively seek out effective instructional practices. Rather than asking how inquiry-based instruction effects science achievement for students with disabilities, the research reviewed has focused on how to support inquiry-based instruction. When supports need to be added with the depth and degree found by the results of this review, it puts into question the effectiveness of inquirybased instruction on science achievement for students with disabilities.
It can be concluded from the studies represented in this review that supports for inquiry-based science instruction are necessary for students with disabilities to demonstrate progress on science achievement measures. Students with a variety of disabilities, across 1st through 12th grades, were able to make higher gains on science achievement measures when components of explicit instruction were incorporated both in the general and special education setting. These results clearly illustrate the importance of teachers' knowledge of the learner when planning and implementing practices along the continuum of inquiry-based instruction. The "one size fits all" approach to inquiry-based instruction fails to meet the needs of students with disabilities. In order to effectively deliver instruction using the continuum of inquiry-based instruction, teacher training and professional development is critical to closing the achievement gap between students with and without disabilities. It is exciting to see current STEM initiatives, seeking to improve science literacy in the U.S. and grow the future workforce, prioritizing the needs of all learners, specifically students with disabilities. In the hope of contributing to the actualization of these goals, this review emphasizes the value of explicit instructional supports when teaching science to diverse learners using an inquiry-based framework.
